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LETTERS TO THE EDITOR
Heart Rate–Lowering Drugs Such as
Verapamil Improve Aerobic Exercise
Performance in Healthy Elderly
Individuals: A New Way to Look at Left
Ventricular Diastolic Function in the Elderly
Chen et al. (1) demonstrated that early administration of intrave-
nous verapamil reduces ventricular-vascular stiffening and im-
proves aerobic exercise performance in healthy elderly individuals.
Previously Arrighi et al. (2) reported that verapamil can induce
selective enhancement of the left ventricular (LV) diastolic filling
in middle-aged and elderly subjects, compared with young adults.
When looking closer at the action of verapamil in determining its
beneficial effect, an important result of Chen’s study appears to be
insufficiently considered by the authors.
When comparing heart rate variations by using the Student’s t
test, we observed, in Chen’s study, that significant differences exist
in placebo versus verapamil treatment at peak stress (134.1 6 5.9
vs. 126.8 6 5.9 beats/min, p , 0.0001), at 25-W exercise (96.8 6
3.2 vs. 92.6 6 4.4 beats/min, p 5 0.002) and before exercise
(69.8 6 2.0 vs. 67.9 6 2.4 beats/min, p 5 0.028). To unravel the
importance of the heart rate–lowering effect of verapamil in
improving abnormalities of diastolic function in elderly individu-
als, one must carefully study how ventricular filling occurs in young
as compared with old patients. We recently suggested that LV
diastolic function can be correctly studied only when the functional
interaction between the LV and aorta is considered (3). In young
patients, systolic contraction of the interventricular septum and
longitudinal fibers of the LV cause the following: 1) movement of
the mitral annulus toward the cardiac apex and 10% prolongation
of the ascending aorta (4); and 2) a clockwise torsion (twisting) of
the base of the heart, which moves the aortic root forward (5).
Color M-mode Doppler echocardiography with the cursor posi-
tioned on a pulmonary vein (longitudinal long-axis view) can
detect an increase in blood flow from the pulmonary veins into the
left atrium owing to these movements (3). In early diastole, an
opposite movement (untwisting) brings the annulus and the aortic
root back to their initial position (6). Untwisting creates a favorable
situation for “ventricular suction,” a phenomenon that explains
“LV rapid filling” and the improved tolerance of exercise-induced
tachycardia in the young as compared with the elderly (7).
In elderly individuals, the aorta loses its elasticity and the base of
the interventricular septum becomes hypertrophic, thus developing
into a sigmoid shape (8). It is possible to observe with two-
dimensional echocardiography that the basal septum tries, in vain,
to distend the ascending aorta toward the apex; as it contracts just
before ventricular ejection, it acts like a lever by making the aorta
snap forward, thus increasing the anteroposterior diameter of the
left atrium (3). In some elderly patients in whom the ascending
aorta is particularly elongated, a reduction of the end-diastolic
angle between the interventricular septum and the aortic root may
be observed. In these cases, the LV, by reducing its longitudinal
diameter during systole, causes a forward movement of the aortic
bulb and also a shift toward the apex of the part of annulus that is
not connected to the aortic root. These movements expand the left
atrium and draw blood from the pulmonary veins as long as the
heart rate is not high (3).
It has been proven that ventricular diastolic suction is not
present in the elderly (9). In these conditions, even a healthy
elderly individual needs an adequate diastolic filling time to achieve
satisfactory exercise performance. The heart rate–lowering effect of
verapamil could be important to explain the improved LV diastolic
function in elderly patients, even after a single intravenous dose of
the drug.
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REPLY
Bertella et al. have highlighted the importance of abnormal
diastolic properties in the elderly, as well as the potential value of
lowering heart rate to prolong filling time. They suggest that this
mechanism likely played a more important role in the improved
aerobic exercise capacity observed after acute intravenous verapamil
administration in healthy elderly individuals than we had credited.
Although we agree that increasing diastolic filling time would
likely be helpful, this mechanism did not appear to play an
important role in our study.
First, verapamil did not slow rest heart rate (p 5 0.14), did not
significantly alter heart rate at 25-W work loads (96.8 6 14.1 vs.
92.6 6 19.0 beats/min at 25 W, p 5 0.256) and only modestly
slowed heart rate at maximal exercise levels (mean 6 SD 134.1 6
25.8 vs. 126.8 6 21.1 beats/min, p 5 0.018). The heart rate values
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reported in Table 2 were the mean values 6 SEM, and perhaps
this confusion led to the incorrect p value calculations determined
by Bertella et al. Second, of the 19 study patients, verapamil slowed
heart rate at maximal exercise in 12 but raised it in the others.
However, none of the exercise performance variables were signif-
icantly different between these two subgroups. For example, V˙O2 at
the anaerobic threshold was 13.7 6 21% in patients with a slowed
heart rate as compared with 12.3 6 20% in the others (p 5 0.887),
and total exercise time also increased similarly by 6.1% and 5.5%,
respectively (p 5 0.926). Lastly, the effects of improved diastolic
filling should have been reflected, in part, in the early peak filling
rate normalized to preload (PFREDV). Yet, as we reported,
PFREDV did not significantly change with verapamil, and none of
the exercise performance variables significantly differed between
the subgroups with increased versus decreased PFREDV after the
administration of verapamil.
Recent evidence (1) suggests that the elderly may not have the
marked deficiencies of diastolic suction or early elastic recoil that
Bertella et al. propose. These studies have utilized tagged magnetic
resonance imaging to quantify early diastolic untwisting, a behav-
ior generally accepted to reflect recoil properties. Rather than being
absent, ventricular untwisting appears to be similar if not even
slightly enhanced in the elderly. Clearly, diastolic abnormalities
occur in the aged heart, but their cause is multifactorial and may
not be due to an absence diastolic suction. As our study suggests,
these changes are not necessarily the primary limiting factors in
determining exertional efficiency and performance in the elderly.
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Anti-ischemic Effect of Enhanced
External Counterpulsation: Where’s the Beef?
The recent MUlticenter STudy of Enhanced External Counter-
Pulsation (MUST-EECP) demonstrates an increase in time to
1-mm ST segment depression during exercise testing (1), but fails
to exclude the possibility of a training effect on skeletal muscle
made possible by a placebo effect on chest pain. What was the
rate–pressure product at the time of 1-mm ST segment depression
before and after therapy in the treatment and control groups?
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REPLY
We regret we will be unable to respond to the letter by Dr. Guerci
because the data requested (double product) was not systemically
collected in the MUST-EECP study.
Rohit R. Arora, MD
Director, Critical Cardiac Care Services
Associate Professor of Clinical Medicine
Columbia University College of Physicians & Surgeons
161 Fort Washington Avenue
New York, New York 10032-3784
PII S0735-1097(00)00621-5
1698 Letters to the Editor JACC Vol. 35, No. 6, 2000
May 2000:1697–8
